SI1: Extracting bonding parameters from all atomistic MD calculations
Section 1) PEDOT chain To extract the Coarse-Grained (CG) value of bond lengths, angles and CG bonded parameters, we compare the distribution of bond, angle and dihedral angles calculated with CG and All Atomistic (AA) models. For the AA calculations the general AMBER force field (GAFF) 1 was employed, which has been recently used to investigate the morphology of PEDOT:Tos 2 . In the AA calculations, we placed a single PEDOT chain with N=6 in a cubic box of 6.4 nm size filled with simple point-charge (SPC) water molecules. Two equilibrations (NVT+NPT) were done for 10 ns with time interval 1 fs and the production run of 20 ns with 1 fs time interval. In corresponding CG simulation, a single PEDOT chain was placed in a cubic box of 6 nm size filled with polarizable water molecules. The equilibration (NVT+NPT) was performed for 20 ns with 20 fs time interval. The production run was performed during 200 ns with 20 fs interval. The NPT equilibration and production run in both AA and CG simulations are performed at 1 bar and 300 K. For the AA, the center of mass of atoms belonging to each CG bead were considered as reference points for calculations of the length and angle distribution. For example, for calculations of the V-V lengths from the AA method, the position of the virtual sites V were calculated as the center of mass for S atom and two nearest C atoms, the positions of the SNda beads were calculated as the center of mass of two C atoms and two O atoms, etc. Figure S1 (a) provides definitions of bond lengths, angles, and dihedral angles calculated in the CG model. The CG parameters (lengths, angles and harmonic constants) are varied to reach the best agreement with the AA model. The comparison between the bond length and angles distribution of AA and CG models is shown in Fig. S1 (b)(c). The peak position of each distribution determines the equilibrium lengths and angles. The resulted bond length, angles and force constants for CG model are presented in table S1. Figure S1 ) (a) The definition of bond lengths, angles, and dihedral angles in the PEDOT CG model. The dihedral angles are defined as angles between the planes A and B (angle SC2-V-V-SC2), and planes C and D (angle SC2-SC1-SC1-SNda). The distribution of (b) bond lengths, (c) angle and dihedral angles in the AA (dashed lines) and CG (solid lines) models of PEDOT.
Bonds distance distribution between surface of virtual sites of PEDOT for different chain length N=6,12,18. The oxidation and hydration levels are respectively Cox=16.7% and Hy=80%.
SI3: Size dependency and truncation scheme of non-bonding interactions
Previously it was shown that in the AA MD simulations, the value of the diffusion coefficient depends on the simulation box size, where the size-dependent correction is inversely proportional to the linear box dimensions 4,5 . Here for our coarse graining approach we perform ion diffusion calculations for three different box sizes at ch=33.3% and Hy=80% as presented in Fig. 5 ) Table S2 ) The size-dependent of diffusion coefficient (in the units of (10 -5 cm 2 /s)) of Na + and Clions in PEDOT:Tos for ch=33.3% and Hy=80%. * Results presented in the manuscript (shown in Fig. 5) . Table S3 ) The diffusion coefficient (in the units of (10 -5 cm 2 /s)) of Na + and Clions with different truncation schemes of vdW and Electrostatics interactions for ch=33.3% and Hy=80%. Table S3 show the calculated diffusion coefficient for two different truncation schemes for the van der Waals (vdW) interaction: cut-off and PME, and four different truncation schemes of for the electrostatic interaction: cut-off, Generalized-Reaction-Field (GRF), PME and Reaction-Field-Zero (RZF). The choice of the truncation scheme for the vdW does not affect the diffusion coefficient, where the differences are within the standard error. For the case of the electrostatic interaction the difference with the PME method is within 25%. Note that in the results presented in this paper we use the PME method which is standard method for the MD simulations with the polarizable Martini water model as it is currently considered to be the most accurate one (Ref. 42, 44 and 83 in the manuscript). Figure S4 ) The variation of MSD/t with time for two representative hydration levels Hy=80% and Hy=10%. Figure S4 shows the mean square displacement (MSD) divided by time, <Δr 2 (t)>/t, which is used in the Einstein relation, Eq. (1), to calculate the diffusion coefficient. For the sufficiently long times <Δr 2 (t)>/t reaches a saturation, which indicates the diffusive regime for the trajectory of Na + and Clions.
SI4: Diffusive behavior at long times

SI5: Ion trajectory animations in PEDOT:Tos matrix
Two animations are provided to show the difference between the ion motion at the high (Hy=80%) and low (Hy=20%) hydration levels. For Hy=80%, a trajectory of one Clions during 200 ns is shown. In the case of Hy=20%, all Na + (violet color) and Cl -(yellow color) ions are presented. Ions exhibiting the highest displacements are highlighted in red color. The PEDOT chains are shown for both the initial and final time steps in red and blue colors, respectively.
